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Second Stokes problem about behaviour of rarefied gas filling half-space is 
analytically solved. A plane limiting half-space makes harmonious fluctuations 
in the plane. The kinetic equation with modelling integral collisions in form 
of ellipsoidal statistical model is used . The case of diffusion reflexions of gas 
molecules from a wall is considered. Function distribution of gas molecules is 
constructed and mass velocity of gas also in half-space is found. Hydrodynamic 
character of the solution at small frequencies of fluctuation plane limiting gas 
is revealed. The force of a friction operating from gas on border making in the 
plane oscillatory movement is found. 

Keywords: statement of Stokes problem, separation of variables, eigen solu- 
tions, continuous and discrete spectrum, exact solution. 

AHajiHTHuecKH penieHa BTopaa sa^aua CTOKca o noBefleHiiu pa3pe»ceH- 
Horo ra3a, 3anojiHHK>mero nojiynpocTpaHCTBO. ITjiocKOCTb, orpaHHUHBaioiiiatf 
nojiynpocTpaHCTBO, coBepniaeT rapMOHHuecKiie KOJie6aHHH b CBoeft njiocKOCTH. 
Hcnojib3yeTca KHHeTHuecKoe ypaBHeHne c Mo^ejibHbiM HHTerpajioM ctojikho- 
BeHHH b qbopMe sjijinncoHflajiBHO-CTaTiicTHuecKoft MOflejiu. PaccMaTpuBaeTCH 
CJiyuaft ,n,Hcbcby3Horo OTpajKeHHH MOjieKyji ra3a ot ctchkh. IlocTpoeHa cbyHK- 
ipa pacnpeflejieHHH ra30Bbix MOJieKyji h Hait^eHa MaccoBaa CKopocTb ra3a 
b nojiynpocTpaHCTBe. BbiHBjieH ruflpo/iHHaMHHecKHH xapaKTep peinemiH npn 
Majibix uacTOTax KOjie6aHHH orpaHHHHBaiomeH ra3 njiocKOCTH. HaftfleHa cnjia 
TpeHHH, fleitcTByiomaa co CTopoHbi ra3a Ha rpaHHiry, coBeprnaioinyio b CBoeft 
njiocKOCTH KOjie6aTejibHoe ppmKemie. 

KAtoueeue cnoea: nocTaHOBKa 3a/i;aun CTOKca, pa3/i;ejieHHe nepeMeHHbix, 
co6cTBeHHbie pemeHHa, HenpepbiBHbili h flHCKpeTHbift cneKTp, TOUHoe perne- 
Hne. 

BBe^eHHe 

Sa^a^a o noBefleHHH ra3a Hafl flBH^ymeftca noBepxHOCTbio b nocjiefl- 
Hiie roflbi npHBjieKaeT npucTajibHoe BHHMaHiie [T]— [13]. 3to CB5i3aHO c 
pa3BHTHeM coBpeMeHHbix TexHOJiornii, b nacTHOCTH, TexHOJioriift HaHO- 
pa3MepoB. B [T]— [TH] 3Ta sa^ana peniajiacb HHCJieHHbiMH hjih npn6jiH- 

>KeHHbIMH MeTOflaMH. 

BnepBbie sa^a^a o noBeflemiii ciljiohihoh cpe^bi Ha,n, CTeHKOH, KOJie6- 
jiioineHCH b CBoeft iijiockocth, 6bijia paccMOTpeHa JJjk. V. Ctokcom [T5] . 
CefiHac TaKyio sa^any Ha3biBaK»T BTopofi sa^a^en CTOKca [T] — |3J - 

B nocjieflHHe ro^bi Ha Teiviy btoh sa^a^ii noHBHjica p^fl ny6jiHKa- 
u,hh. B paGoTe [5] nojiyHeHbi KOScpcpiiijHeHTbi B5i3KOCTHoro h TeiuiOBO 

TO CKOJIb}KeHH5i C HCnOJIb30BaHHeM pa3JIHHHbIX MOflejIbHblX ypaBHeHHii. 



3 



Hcnojib30BaHbi keik MaKCBejuiOBCKHe rpaHHHHbie ycjiOBiia, Tax h rpa- 

HHHHbie yCJIOBH5I HepHHHbflHIl— JIsmiiiic. 

B CTaTbe [B] paccMaTpiiBaeTC5i ra30Bbift noTOK Ha^ 6ecKOHeHHoft njia- 
ctiihoh, coBepniaioineH rapMomiHecKiie KOJie6aHH5i b co6ctbchhoh njioc- 
kocth. HaftfleHa CKopocTb ra3a Hafl noBepxHOCTbio h cnjia, fleftcTByio- 
maa Ha noBepxHOCTb co CTopoHbi ra3a. fljra cjiyHa^ hh3khx nacTOT 3a- 
fla^a penieHa Ha ocHOBe ypaBHeHHH HaBbe— CTOKca. J^jisi npoH3BOJibHbix 
CKopocTeft KOJie6aHHfi noBepxHOCTH sa^ana penieHa HHCJiemibiMii mcto- 
flaMH Ha ocHOBe KHHemHecKoro ypaBHeHH^ Bojibn,MaHa c HHTerpajiOM 
CTOJiKHOBeHHH b (popivie BTK (Bxaraarap, Tpocc, Kpyic). 

B CTaTbe [7] pacciviaTpHBaeTCH npniviep npaKTHHecKoro npiiMeHemisi 
KOJieGaTejibHoft cncTeMbi, nofloGiioH paccMaTpiiBaeivioii bo BTopoti sa^a- 
He CTOKca, b o6jiacTH HaHOTexHOJioriiii. 

B fliiccepTaniiii [13] 6bijiH npefljio^eHbi ^Ba peiiieHiTH BTopoii sa^a- 

HH CTOKCa, yHHTbIBaK)III,He BeCb B03MO>KHblil flHanaSOH K03(p(pHII,HeHTa 

aKKOMOflar^HH TaHremjHajibHoro HMnyjibca. 3th peineHira OTBenaiOT co- 
OTBeTCTBeHHO rHflpoflHHaMHHecKOMy ii KHHeTHHecKOMy onncaHHio noBe- 
fleHHa ra3a Ha^ KOJie6jiioin;eHC5i noBepxHOCTbio b poKiiivie co CKOJib>Ke- 
HiieM. 

B HaniHx pa6oTax P5]-[IS] ^aeTCsi aiiajiiiTiiHecKoe penieHHe BTopoii 
sa^ani! CTOKca c Hcnojib30BaHHeM BrK (BxaTHarap, Tpocc, Kpyic) kh- 
HeTHnecKoro ypaBHerara. B sthx pa6oTax OTbiCKiiBaiOTC5i co6cTBeHHbie 

(pyHKI^HH II COOTBCTCTByiOIHIie C06cTBCHHbie 3HaHeHITH, OTBCHaiOIUHe KaK 

flHCKpeTHOMy, TaK ii HenpepbiBHOMy cneKTpaM. HccjieflOBaiia CTpyKTypa 
fliiCKpeTHoro ii HenpepbiBHoro cneicrpoB. Pa3BiiBaeTC5i MaTeMaTiiHecKiift 
annapaT, HeoSxoflHMbift ^jth aHajiirriiHecKoro peiHemia sa^ani! h npiuio- 
>KeHHH. HaKOHen,, b [18] npiiBo^irrcsi aiiajiirniHecKoe perneHiie. 

B HacTOHineft pa6oTe CTpoiiTC5i aHajiirriiHecKoe perneHiie BTopoft 3a- 
flanii CTOKca c iicnojib30BaHiieM jiHHeapH30BaHHoro sjijiiincoiiflajibHO 
CTaTiiCTiiHecKoro KiiHeTiiHecKoro ypaBHerara. Ha ochobc aHajiirriiHecKO- 
ro penieHH5i nocTpoeHa (pyHKr^ira pacnpeflejieHHH ra30Bbix MOJiexyji b 
nojiynpocTpaHCTBe h HenocpeflCTBemio y KOJie6jiioineHC5i rpamiUH. 
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1 IlocTaHOBKa 3a,z],aHH 



IlycTb pa3pe>KeHHbiH oflHoaTOMHbift ra3 3amiMaeT nojiynpocTpaHCTBO 
x > Ha/i, njiocKoii TBep^oii noBepxHOCTbio, jie^Kameft b njiocKOCTH 
x = 0. IloBepxHOCTb (y, z) coBepniaeT rapMOHHHGCKiie KOJie6aHii5i B^ojib 
och y no 3aK0Hy u s (t) = uoe~ lU}t . 

JIiiHeaproyeM cpyHKUHio pacnpeflejieHiia, nojiaraa / = /o(l + <p). 
3p£Cb fo(v) = n(/3/7r) 3 / 2 exp(— (3v 2 ) - a6cojnoTHbm MaKCBejuinaH, (3 = 
m/ (2kT). PaccMOTpHM jiiiHeaprooBaHHoe sjijinncoHflajibHO-CTaTHCTHHecKoe 
KHHeTHnecKoe ypaBHeHHe (xpaTKo: 3C-ypaBHemie) 



B (1.1) v = 1/r - nacTOTa ctojikhobghhh ra30Bbix MOJiexyji, r - 
Bpeivia MejK^y flByMa nocjieflOBaTejibHbiMH ctojikhobghhhmh MOJiexyji, 
m - Macca MOJieKyjibi, k - nocTOHHHasi BojibinviaHa, T - TeivraepaTypa 
ra3a, u y (x, t) - MaccoBaa CKopocTb ra3a, a xy (x, t) - KOMnoHeHTa TeH3opa 
b5I3khx Hanpa>KeHHH, a - hhcjioboh napaivieTp ypaBHGHHH, npiineM npii 

a = — 1 HHCJIO ripaHflTJIH 5IBJI5ieTC5I HCTHHHbIM (Pr = 2/3), 



n - HHCjiOBaa njiOTHOCTb (KOHn,eHTpan,Ha) ra3a. KoHn,eHTpan,Ha ra3a h 
ero TeivinepaTypa CHHTaiOTCH nocTOHHHbiMH b jiiiHeapii30BaHHoii nocTa- 
hobkg salami. 

BBe^eM 6e3pa3MepHbie CKopocTH h napaMeTpbi: 6e3pa3MepHyio cko- 
pocTb MOJieKyji: C = \fj3v (f3 = m/(2kT)), 6e3pa3MepHyio MaccoByio 
CKopocTb U y (x,t) = y/]3uy(x,t), 6e3pa3MepHoe Bpeivia t\ = vt h 6e3pa3- 
MepHyio CKopocTb KOJie6aHHH njiacTHHbi U s (t) = Uoe~ tujt , 6e3pa3Mep- 
Hyio KOMnoHeHTy TeH3opa b^3khx HanpsiJKeHHH P xy (x, t) = ((3/p)a xy (x,t), 




(1.1) 
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r^e U{) = y/~j3uo - 6e3pa3MepHaa aMnjiHTyz^a ckopocth KOJie6aHHH rpa- 
hhum nojiynpocTpaHCTBa. Tor^a ypaBHeHHe (1.1) mokbt 6biTb 3anncaHO 
b BH^e: 

dp dp 

^— + C x - h <p(xi,t u C) = 

Oti OXi 

= 2C y U y (x h h) + 2aC x C y P xy (x h t 1 ). (1.2) 

3aMeTHM, hto fljia 6e3pa3MepHoro BpeMGHii U s {t\) = Uoe~ luJltl . 

B sa^ane o KOjie6aHH5ix ra3a Tpe6yeTC5i HaiiTH (pyHKirnio pacnpe^e- 
jieHHH f(xi, ti, C) ra30Bbix MOJiexyji. 

3aTeM Ha ocHOBaHiiii HaiifleHHOH (pyHKi^HH pacnpeflejieHH^ Tpe6yeT- 

HaiiTH MaccoByio CKopocTb ra3a, 3HaneHHe MaccoBoft ckopocth ra- 
sa Henocpe^CTBeHHO y ereHKH. Kpoivie Toro, Tpe6yeTca BbinncjiHTb ch- 
jiy conpoTHBjieHHH ra3a, ^eiicTByiomyio Ha KOJie6jnoiiryK)C5i njiacTHHy, 
orpaHHHHBaK>myio ra3. IIoflHepKHeM, hto sa^ana o KOJie6aHHHx ra3a 
peniaeTCH b jiHHeapH30BaHHoii nocTaHOBKe. Jl h hg ap 113 an,H5i sa^ann npo- 
Be^eHa no 6e3pa3MepHoii MaccoBoii ckopocth U y (x\,ti) npn ycjiOBHH, 

HTO \Uy(x,t\) \ <C 1. 3t0 HGpaBGHCTBO SKBHBajieHTHO HepaBeHCTBy 

\lly{Xl,tl)\ <C V T , 

rpfi vt = l/V/3 - TenjiOBan CKopocTb MOJiexyji, HMeiomaH nopn^OK cko- 
pocth 3ByKa. 

BejiHHHHbi 6e3pa3MepHbix MaccoBoii ckopocth h KOMnoHeHTbi TeH30- 

pa BH3KHX Hanp5I>KGHHH Hepe3 CpyHKHHK) (f BbipaJKaiOTCH CJie^yiOH^HM 

o6pa30M: 

U y {x h = -L y eM-C 2 )C y <p(x h t h C)d 3 C, (1.3) 

H 

P X y{x x M) = ^J exp(-C 2 )C x C y p(x h t h C)d 3 C. (1.4) 

C noMombio (1.3) h (1.4) KHHCTHHecKoe jiHHeapH30BaHHoe ypaBHeHHe 
(1.2) 3anHCbiBaeTC5i b BH^e: 



dip 
di 



- + C x ^- + ipfatu C) = J exp(-C' 2 )C' y p(x h t h C) d d C'+ 
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+ 2a^C, J exp( _ c /2 )c , ^ Ql) d , c , (L5) 

CcpopMyniipyeM fliicpcpysHbie rpaHHHHbie ycjiOBusi, 3aniicaHHbie ot- 
HOCHTejibHO (pyHKi^HH ip(xi,t\, C): 

<p(0, t h C) = 2C y U s {t l )e-^ t \ C x > 0, (1.6) 

<p(xi -»> +oo,*i,C) = 0. (1.7) 
HTaK, rpaHHHHa^ safla^a o KOJie6aHH5ix ra3a ccpopMyniipoBaHa ncwi- 

HOCTbK) H COCTOHT B peilieHHH ypaBHGHH5I (1.5) C rpaHHHHblMH yCJIOBH- 
SIMH (1.6) H (1-7). 

yHHTblBa^, HTO KOJie6aHHH njiaCTHHbl paCCMaTpiiBaiOTCfl BflOJIb OCH 

y : 6yn,eM HCKaTb cpyHKi^iiio if b Bii^e 

ip{x u t h C) = C.e-^^/i^!, C x ). (1.8) 
C noMom,bK) (1.8) nojiy^aeM cjie^yiomyio rpamiHHyio sa^aHy: 



oo 



dh 1 f 

fj,- h zoh(x h fi) = —= / exp(-// )(1 + a/j,fi')h(x h n')dn\ (1.9) 



— oo 



/i(0, /i) = 2[/ , A* > 0, 2b = 1 - ^i, (1.10) 
/i(+oo,//) = 0. (1.11) 



2 Co6cTBeHHbie peineHHH HenpepbiBHoro cneKTpa 

Pas^ejieHHe nepeivieHHbix b ypaBHeHiiii (1.9) ocymecTBjiaeTCH cjie^yK)- 
meii noflCTaHOBKoft 

h v (x h fjb) = exp ( - ^p)$(?7,/i), (2.1) 
r^e 77 - napaivieTp pa3,n,ejieHH5i, hjih cneKTpajibHbiii napaivieTp, BOo6me 

rOBOpH, KOMnjieKCHblH. 
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rioflCTaBjiHH (2.1) b ypaBHeHHe (1.9) nojiynaeM xapaKTepiicniHecKoe 
ypaBHeHHe 

z (rj - fi)${r}, ii) = -^=r]no(ri) + -^a^r/m^), (2.2) 

V 7T V 71 " 

r^e 

oo 

rcjfefa) = J exp(-/i /2 )^ /fc $(r/,/i / )rf/i / , fc = 0, 1. 

— oo 

H3 ypaBHeHHH (2.2) Haxo^HM, hto 

ni{rj) = -—rjn (r)). 
CjieflOBaTejiBHO, ypaBHeHHe (2.2) mo>kho npe^CTaBHTB b BH^e: 

(ji - M)$fe aO = ~j=^~ Q r ] n u( r i)( 1 - h m), ( 2 - 3 ) 

r^e 

b = . 

flajiee npnivieivi cjieflyioiHyio HopMHpoBKy 

00 

noil) = J exp(-/i /2 )$(r/, //)d/z' = z . 

— oo 

Tor^a ypaBHeHHe (2.3) HMeeT npn r/, /i G (— oo, +oo) penieHHe [2D] 

<&fa, M ) = + e^A(ij)^ - /i), (2.4) 



'7T ?7 — fl 

r^e 5(x) - flejiBTa-cpyHKHHtf ^Hpaxa, chmboji Px^ 1 03HanaeT rjiaBHoe 
3HaneHHe HHTerpajia npn HHTerpHpoBaHHH x~ , X(z) - flHcnepcHOHHan 

CpyHKHHH, BBe^eHHaH paBeHCTBOM 

oo 2 

A(*) = 1-^ + 4= / e ' r(1 - fer)dT . 

V 7T J T - Z 

— oo 

3Ty (pyHKH,Hio mojkho npeo6pa30BaTB k BH^y: 

X(z) = — zcji + (1 — bz 2 )\o(z)i 
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r^e Ao(^) - H3BecTHaa cpyHKi^Hsi H3 TGopiiii njia3Mbi, 

oo 2 

1 f e~ T rdr 



V7T J T - Z 



— oo 



Co6cTBeHHbie (pyHKIJHH (2.4) Ha3bIBaK)TC5I Co6cTBeHHbIMH (pyHKIJHfl- 

mh HenpepbiBHoro cneKTpa, 1160 cneKTpajibHbiii napaivieTp 77 Henpepbm- 
HbiM o6pa30M 3anojiH^eT bcio flencTBHTejibHyio np^Myio. 

TaKHM o6pa30M, co6cTBeHHbie penieHH5i ypaBHemia (1.9) HMeiOT Biifl 
(2.1), b KOTopoM (pymajHH <$>(j], fi) onpe^ejisieTCsi paBeHCTBOM (2.4). 

llo ycjiOBHio sa^aHH mm nm,eM penieHne, HeB03pacTaioiii,ee B^ajiH ot 
CTeHKH. B CB5I3H c 3THM cneKTpoM rpaHHHHoii sa^a^ii 6yn,eM Ha3bIBaTb 
nojio>KHTGjibHyK) fleiicTBHTejibHyK) nojiyocb napaMeTpa 77. 

llpHBefleM (popiviyjibi Coxon,Koro CBepxy h CHii3y Ha fleiicTBHTejibHOH 

OCH flJIH flHCnepCHOHHOH (pyHKI^HH! 

00 2 

± \ • n „-u 2 /i l 2\ ■ 1 — bji f e~ T rdr 



X ± (/i) = ±i^/ie (1 - b/i 2 ) - iui + 



7T J T — jJL 



—00 



Pa3HOCTb rpaHHHHblX 3HaHeHHH CBepxy H CHH3y Ha fleiiCTBHTejIbHOH OCH 

flHcnepcHOHHoii (pyHKniiii OTCiofla paBHa: 

A + (/i) - \-(fi) = 2^/ie-^(l - b/i 2 )i, 
nojiycyMMa rpamiHHbix 3HaHeHiiii paBHa: 

„ 00 

X + (li)^\-(li) . 1-b/i 2 f e- T rdr 
= - tUl -1 — — / . 

2 V ^ J r ~ V 

—00 

CHHryjiapHbift HHTerpaji b sthx paBeHCTBax noHHMaeTCH b CMbicjie rjiaB- 

HOrO 3HaHeHH5I. 



3 CTpyKTypa ^HCKpeTHoro cneKTpa 

lloKa>KeM, hto flHCKpeTHbifi cneKTp, cocto5hu,hh H3 Hyjieii flHcnepcH- 
OHHoro ypaBHeHHH X(z) = 0, coflepjKHT ^Ba Hyira —770 h 770, H3 KOTopbix 
o6o3HaHaeTC5i Hepe3 770 tot Hyjib, y KOToporo Re 770 > 0. 
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CHanajia paccMOTpiiM cjiynaii Majibix 3HaneHHn uj\. Pa3Jio>KHM ^nc- 
nepcHOHHyio cpyHKnnio b acnMnroTHnecKHH psifl no OTpnuaTejibHbiM 
CTeneHHM nepeMeHHoro z b okpgcthocth 6gckohghho yn,ajieHHOH toh- 
kh: 

w \ 6 1 36 

A(z) = -2o;i + --^2 + ^2 + ..., z^oc. (3.1) 

H3 pa3Jio>KeHH5i (3.1) BH^HO, hto npii Majibix 3HaHGHii5ix uj\ ^ncnep- 
CHOHHaa cpyHKnn5i HMeeT flBa OTjinnaiomnecH jinnib 3HaKaMH KOMiuieK- 
CHO-3HaHHbix Hyjia: 



(0), \ l-3iuj 1 a/2z I 1 - iuji - 3iuia/2 

±r?n Mcji = \ i — ; — — = \ i- — — -, — 1 < a ^ 0. 

/0 v 7 y ui{2-a/z ) y 2cji(l-ia;i-a/2)' 

OTCiOfla BHflHO, nro npn cji — > 06a Hyjia flHcnepcHOHHoii (pyHKi^HH 
HMeiOT npe^ejiOM o^Hy 6ecKOHenHO yzjajieHHyio Tonity 77^ = 00 KpaTHO- 
cth (nop^flKa) flBa. 

Tenepb nccjie^yeM cjiynaii npon3BOJibHbix 3HaneHHH uj\. ^ajiee HaM 

nOHafloSHTCH CpyHKUnSI 

r(r) = = -zo,i + (1 - 6r 2 )A+(r) 

1 ; A-(r) -z Wl + (l-6r 2 )A (r)- 1 ' ; 

BbiflejiHM y (pyHKi^HH G{r) flencTBnTejibHyio n MHiiMyio nacrn. 3a- 

MeTHM, HTO 

aw? , acji 

6 = 6i + z6 2 , bi = — ^ o 2 = 



l + < z 1 + u, 2 ' 

Af(r) = Z(r)±w(r), s(r) = v^re^, 

1 

1(t) = 1-2t 2 J e-^-^dx. 


Tenepb paBeHCTBO (3.2) 3anncbiBaeTCsi cjie/iyioinHM o6pa30M: 

r( x = -^1 + [(1 - biT 2 ) - z6 2 r 2 ](/(r) + isjr)) 
[T) -iuji + [(1 - 6ir 2 ) - *6 2 r 2 ] (/(r) - is(r)) ' 

HJIH 

, , p + q-i(u}\-p\ + q\) 

^VJ = ~l \> 

p - q - +pi + qi) 
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ryje 

p(r) = (l-6iT 2 )Z(r), q(r) = b 2 r 2 s(r), 
pi(r) = (1 - 6ir 2 )s(r), gi (r) = & 2 r 2 /(r). 
Tenepb cpyHKijuio (j(t) mojkho npe^CTaBHTb b Bii^e 

G(r) = Gi(r)+*G 2 (r), 

r^e 

Gl(T) = SM' G2(r) = 

= P 2 - Q 2 + ^i - Pi + 0i, 
flf 2 (r) = 2[ppi + g(o;i + gi)], 
Po(r) = (p - g) 2 + (wi +pi + gi) 2 . 
OyHKii,HH gj{r)(j = 0, 1, 2) noHa^oSsiTCH b hbhom Bii^e: 

Pl (r) = col - [s 2 (r) - / 2 (r)][(l - hr 2 ) 2 + 6 2 r 4 ], 

p 2 (r) = 2s{r){u l b 2 r 2 + /(r)[(l - b x r 2 ) 2 + 6 2 r 4 ]}, 
p (r) = W 2 +2 Wl [(l-6 1 r 2 ) S (r)+6 2 r 2 /(r)] + [/ 2 (r)V(r)][(l-6 1 r 2 ) 2 +6 2 r 4 ]. 
B 3thx paBeHCTBax 

n h ™ , ,24 l+^i 2 (l + «r 2 ) 2 
(1 - 6ir ) + 6 2 r = — — ^ . 

TaKHM o6pa30M, OKOHnaTejibHO nojiynaeM: 

w 4 - w 2 si(r) - s (r) 



rfle 



s (t) = s\t) - 1 2 (t), Si (t) = So (r)(l + «r 2 ) 2 - 1, 
92(r) = ^P-Jo^y + l(r)[l + c 2 (l + «r 2 ) 2 ]}, 

1 -f- CJ-^ ^ J 

/ x 2 r 7 2/ x 2/ m 1 + w 2 (l + ar 2 ) 2 
g {T)=u 2 +[l 2 {T) + s 2 {T)}- 
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1 1 + wf 

Mojkho noKa3aTb c noMombio npHHHHna apryMeHTa aHajiorHHHO to- 
My, KaK 3to c^ejiaHO b [16], hto hhcjio Hyjieft flHcnepcHOHHoft cpyHKUHH 
paBHo: 

oo oo 

N = in I dlnG ^ = h J dlnG ^ = 



-oo 



1 +°° 1 

argG(r) = -argG(+oc) = 2x(G), 

7T L Jo 7T 

T.e. yflBoeHHOMy HH^eKcy (pyHKHHH G{r). 

BBe^eM yroji 0(r) = argG(r) - rjiaBHoe 3HaneHHe apryMeHTa, (pHK- 
ciipoBaHHoe b Hyjie ycjiOBHetvi 6(0) = 0, 

0(r) = arcctg - — — - - = arcctg ——. (3.3) 
Im G(r) g 2 {r) 

H3 ypaBHeHHH gi(r) = Han^eM ero nojico-KHTejibHbiH KopeHb: 



una) 



S\[T 



BBe^eM Bbi^ejieHHyio HacTcry KOJie6aHHH njiacTHHbi, orpaHHHHBaio- 
men ra3: 

u\(a) = max Q(r, a). (3-4) 

0<T<OO 

9Ty nacTcry KOJie6aHHH 6yn,eM Ha3biBaTb KpumuuecKou. 

AHajiorHHHO [16] mo>kho noxasaTb, hto b cjrynae, Kor^a nacTOTa ko- 
jie6aHiift njiacTHHbi MeHbine KpHTHHecKoft, T.e. npii ^ u < cj x (a), 
HH^exc (pyHKrj,HH G(t) paBeH e/nimme. 9to 03HanaeT, hto hhcjio kom- 
njieKCHbix Hyjieft flHcnepcHOHHoft (pyHKHHH b njiocKOCTH c pa3pe30M 

BflOJIb fleftCTBHTejIbHOH OCH, paBHO flByM. 

B cjrynae, Koiyja nacTOTa KOJie6aHHH njiacTHHbi npeBbiniaeT kphth- 
necKyio (oj > u)l(a)) HH^eKC (pyHKHHH G(t) paBeH Hyjiio: x{G) = 0. 
3to 03HanaeT, hto ^HcnepcHOHHasi (pyHKHHH He HivieeT Hyjien b BepxHeii 
h HH>KHeH nojiynjiocKOCTHx. B stom cjiynae ^HCKpeTHbix (nacTHbix) pe- 
nieHHH HcxoflHoe ypaBHeHne (1.9) He HMeeT. 
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TaKHM o6pa30M, flncKpeTHbin cneKTp xapaKTepiiCTHHecKoro ypaBHe- 
Hii5i, coctohhjhh H3 Hyjien flncnepcnoHHon (pyHKi^HH, b cjiynae ^ Ui < 

(jj\(a) eCTb MHO>KeCTBO H3 flByX TOHGK TJq H — 77q. IlpH UJ\ > (jj\(a) flHO 

KpGTHbiii cneKTp — 3to nycToe mhokcctbo. Hpn ^ uj\ < oj{(a) y6bi- 
Baiomee co6cTBeHHoe pemeHne ypaBHeHiisi (1.9) HMeeT bh^ h Vo (xi, fi) = 
e- XlZo/r > §(r]o,id), r^e 

\ 1 r/o(l-^o) 

$(770,//) = 

v 71 " ^0 - A* 

- co6cTBeHHa^ (pyHKinia xapaKTepncTHHecKoro ypaBHeHHH. 3to 03Ha- 
naeT, hto flHCKpeTHbiH cneKTp paccMaTpiiBaeMoii rpaHnnHon sa^ann co- 
ctoht H3 OflHon tohkh t/o b cnynae < U\ < oj\{a) . Hpn uj\ — > 06a 
Hyira ±770, KaK y>Ke yKa3biBajiocb Bbinie, nepeMenjaiOTca b op^ay n Ty 
>Ke 6ecKOHeHHO yn,ajieHHyio TonKy. 3to 3HannT, hto b cjrynae uj\ = 
flHCKpeTHbifi cneKTp sa^ann coctoht H3 OflHon 6ecKOHenHO yzrajieHHon 
tohkh KpaTHOCTH flBa n HBjiHeTCH npncoeflHHeHHbiM k HenpepbiBHOMy 
cneKTpy B btom cjiynae ^ncKpeTHbix (nacTHbix) penieHna pobho flBa: 

2 

hi(x h /i) = 1, h 2 (x h n) =xi- /i. 

2 — a 

HeTpynrio noKa3aTb, hto napaivieTp ypaBHeHna a n nncjio IipaHflTjra 
CB5i3aHbi cooTHonieHneM: 

2 2(1 -Pr) 

Pr = , OTKy^a a = . 

2 — a Pr 

IipaBHjibHOMy (ncTHHHOMy) nncjiy UpaHTjrH Pr = 2/3 OTBenaeT 3Ha- 
neHne napaMeTpa a = — 1. 

llpHBefleM Ta6jinn,y KpnrnnecKHx nacTcr b 3aBHCHMOCTH ot 3HaneHHH 
nncjia ripaHfljiH n napaivieTpa ypaBHemiH a corjiacHO (3.4). 

Ta6jiHii,a 3HaneHHH KpnTnnecKnx nacTOT. 
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iiiwiu J. J. yj an.i± l j i y\ j_ i_ 




PC 1 ^ IT 1" I T 1 I P P KP\ C A y^PTnT^ 
ivun i n k A,t\n/i l cxx i w i <ri u/i 


1 


n 


733 


952 


-0 1 


71 7 


909 


-0 2 


71 7 


870 


-0 3 


691 


833 


-0 4 


681 


800 


-0 5 


672 


769 


-0 6 


662 


741 


-0 7 

W.I 


654 


0.714 


-0.8 


0.648 


0.690 


-0.9 


0.642 


2/3 


-1 


0.637 



4 AHajiHTHHecKoe peineHHe rpaHHHHOH 3a^aHH 

CocTaBHM o6mee peniemie ypaBHeHHH (1.9) b Bii^e cyMMBi nacTHoro 
(flHCKpeTHoro) peineHHe, y6BiBaiomero Bflajin ot ctchkh, h HHTerpa- 
jia no HenpepBiBHOMy cneKTpy ot co6cTBeHHBix pemeHnn, OTBenaromnx 
HenpepBiBHOMy cneKTpy: 

h(x h fj) = a $(?7o, ii)e- XlZo/f]0 + e^ lZo/7? $(r/, fi)a(rj)drj. (4.1) 

S^ecB ag ~ Hen3BecTHBin nocTOHHHBin KOScpcpnnneHT, Ha3BiBaeMBin 
K03(p(pHn,HeHTOM flHCKpeTHoro cneKTpa, npnneivi npn x = stot Koscp- 
(pnn,neHT paBeH Hyjno: cio = 0, 0(77) - Hen3BecTHa5i (pyHKirnsi, Ha3Bma- 
eMa5i K03(p(pHn,HeHTOM HenpepBiBHoro cneKTpa, $(77,//) - co6cTBeHHaa 
cpyHKnn5i xapaKTepncTnnecKoro ypaBHeHHH, OTBenaioinaa HenpepBiBHO- 
My cneKTpy n eflHHnnHon HopMnpoBKe. nocToaHHaa cio H cpyHKUHH a ( 7 ?) 
nofljiejKaT Haxo^fleHnio H3 rpaHnnHoro ycjiOBna (1.10). 

Pa3Jio>KeHHe (4.1) mo>kho npe^eraBHTB b hbhom Bn^e: 

h(x h 11) = a —=- exp + 

V7r(77o-/^) V 770 / 

+ exp ^ - + jj 2 ^ \(n)a(n)d+(n)+ 
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oo 



1 / cxp ( XlZ ° ) ^ - b ^ r l) a M dr l m 2 ) 





r^e + (/jl) - 4)yHKn,Ha XsBHcaiifla. 

0+M = 



i, ^>o, 

0, /j<0. 



OMeBH^HO, hto pa3Jic»KeHHe (4.2) aBTOMaTHHecKH yflOBjieTBopaeT rpa- 

HHHHOMy yCJIOBHK) (1.11) BflajIH OT CTeHKH. IIOflCTaBHM pa3Jio>KeHHe 

(4.2) b rpatfflHHoe ycjiOBHe (1.10). riojiynaeM oflHOCTopc-HHee ciiHryirap- 
Hoe HHTerpajiBHoe ypaBHeHHe c H^po-M Koihh 

oo 

770(1 - bfirio)ao 1 f 770(77) (1 - b/ir])dr] t 





+ exp(/j 2 )A(/j)a(/j) = 2U , /i>0. (4.3) 

CiiHryirapHBiii HHTerpaji H3 (4.3) npeflCTaBHM b BH^e cyMMBi flByx 
cjiaraeMBix h nepennnieM ypaBHeHHe b BH^e: 

00 

?7o(l - 6/^770) a If 77(1 - brQa^rj) 

V7r(77o -/Z) V7T 7 T]~ /d 



+ exp(/x 2 )A(/x)a(/z)0+(/x) = 2U , [i > 0. (4.4) 

S^ecB 

00 

A = 6^ / r] 2 a(r])dr]. (4.5) 


BBe^eM BcnoMoraTejiBHyio cpyHKHHio 

00 

= 1 /■ 77(1 - fr, 2 )^)^ 



fljia KOTopoii corjiacHO (popMyjiaM Coxo-HKoro 

iV + (/i) - N-(n) = 2^i/i(l - 6/j 2 )a(/j), /i > 0. (4.7) 
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E[ojib3y5iCb (J)opMyjiaMH Coxon,Koro fljra BcnoMoraTejibHOH h flHcnep- 
chohhoh (pyHKi^HH, ot ypaBHeHH5i (4.4) npnxoflHM k KpaeBOMy yCJIOBHK): 

7/o(l - bfirio) oq' 



a (m) 



7V + (/i)-2/7 + ^ + 



•A-(/i) 



-2C/b + A + 



t/o(1 - bfjLrjo)ao 



= 0, /j > 0. (4.8) 



v^fao - /^) 

PaccMOTpHM cooTBeTCTByioinyio OflHopoflHyio KpaeByio sa^a^iy Ph- 
MaHa: 



X+(/i) = G(/i)X"(/i), /j > 0, 



(4.9) 



ryje KoscpcpHi^neHT sa^a^n G(r) onpe^ejieH paBeHCTBOM (3.2). 

PenieHHe sa^a^n PiiMaHa (4.9) npoBOflHTCfl aHajiornnHO [17] h ^aeTca 
HHTerpajiOM rana Kohih: 

1 



exp V(z} 



(4.10) 



iyje x = - HH^eKC K03cpcpHii,HeHTa sa^aHH, BBefleHHbiii b n. 3, a 

V(z) noHHMaeTCH KaK HHTerpaji rana Kohih 



V(z) 



1 f lnG(r) - 2mx 



27T7 



dr. 



T — Z 



(4.11) 



3j\ecb lnG(r) = ln|G(r)| + i6(r) - rjiaBHaa BeTBb jiorapncpMa, (pHK- 
CHpoBaHHaa b Hyjie ycjiOBHeM lnG(O) = 0, yroji 0(r) = argG(r) - 
raaBHoe 3HaneHHe apryMeHTa, BBefleHHoe paBeHCTBOM (3.3). Hirrerpaji 
(4.11) yn,o6Hee paccMaTpiiBaTb b BH^e: 



V(z) 



1 

7T 



q[T) — TTK 

1 

T — Z 



r^e 



HJIH B BHfle 



9(r) = ^-Jln|G(r)|, 







C(r)dr 



T — Z 



x= 0,1, 
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CM = Qi T ) ~ kx. 

BepHeMca k penieHHio Hec-flHopoflHon sa^ann (4.8), npe^BapnTejibHO 
npeo6pa30BaB c noMombio (4.9) ee k BH/ry: 

77o(l - b/ir]o)aQ 



N + (ii)-2U + A + 



-X-(fi) 



N-{fi)-2U + A + 



7/o(l - b/ir]o)ao 



= 0, n>0. (4.12) 



yHHTbiBaa noBefleHne Bcex Bxcvnamnx b KpaeBoe ycjiOBHe (4.12) (pyHK- 
nnii b KOMnjiGKCHoii njiocKOCTH n b Sgckohghho yn,ajieHHon tohkg nojiy- 
naeM o6mee peineHne, H3 KOToporo HaxoflHM 

1 r„ Ci 



iV(,) = 2[/o-^ + ^7^ o)ao + 



C + 



(4.13) 



v/tt(z - 770) X(z) L z - 770- 

r^e Co, Ci - npoii3BOJibHbie nocTOHHHbie, npnneM npn x = C\ = 0, a 
npn x = 1 Co = 0, (pyHKn;H5i X(z) onpeflejraeTCH paBeHCTBOM (4.10). 

lloTpe6yeM, nTo6bi o6mee penieHHe (4.13) niviejio Te >Ke aHajinTnne- 
CKne CBoiiCTBa, hto h BcnoMoraTejibHaa cpymcnna (4.6). PaccMOTpnivi 
cjrynaii x = 0. B btom cjiynae Co = —2Uq + A 

lloflCTaBjisra (4.13) b (4.7), HaxcflHM KcracpcpnnneHT HenpepbiBHoro 
cneKTpa: 

2U -A r 1 1 



a(77) = 



3aMena5i, hto 



1 



2^77(1 - 6t7 2 ) LX+(t7) X-{r)) 

2i sin ( (77) 



1 



X+(77) X-(t7) X(t7) ' 

c noMom,bio (4.10) nojiynaeivi cjieflyioinee Bbipa>KeHHe fljin KoacpcpnnH- 
enra HenpepbiBHoro cneKTpa: 

= (2f7 -A)sinCM 
U) v^77(l-677 2 )X(77)- 

OcTajiocb HaiiTH Bbipa>KeHHe fljiH A, Bxcflsnnee b nocjie^Hee cootho- 
meHne. rioflCTaBjisra sto cooTHomeHne b (4.5), CHanajia Haxo^HM Bejin- 
HHHy A H3 nojiyneHHoro ypaBHeHHH, a 3aTeM OKOHnaTejibHO Haxo^HM 
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BbipajKeHiie KOScpcpHnnenra HenpepbiBHoro cneKTpa: 

/ \ 2£/ sinC(y/) , , 



r^e 

00 



Jn = - 



r sinC(r)<ir 

c 





-(- 

ttJ (1 



' • -6r 2 )X(r)' 
B cjrynae x = 1 CHanajia ycTpaH5ieM nojiioc b tohkg 770 ycjiOBnetvi 



7/0(1 " ty 2 )*foo) 

Ui — — ao 



'7T 

3aTeM, H3 ycjiOBHH TV (00) = HaxoflHM: 

Cl = -(2U -A) + a ^. 

V 71 " 

flajiee, onycKaa fljiHTejibHbie, ho np5iMOJiHHeHHbie BbinncjieHH5i, Ha 
ocHOBaHHH (4.7), (4.13) h (4.5) Haxo^HM CHanajia KoacpcpnnneHT ^nc- 
KpeTHoro cneKTpa: 

= ZUoV^ u , ^ 

ao 6^ + 770(1 - brfi)X(r} )(l - 6J1)' 1 " ° J 

rfle 

00 

1 /" rsinC(r)(ir 

1 = W (l-6r2)(r-7/ )X(r)' 


a 3aTeM h KOScpcpHnnenr HenpepbiBHoro cneKTpa 

r x CisinC(y/) , , 

r^e 



Ci = 



677 2 + 7/ (l-677 2 )X(77o)(l-6Ji)- 
Ha 3tom 3Tane flOKasaTejibCTBO pa3jio>KeHH5i (4.1) (hjih (4.2)) 3aK0Hne- 

HO. 
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5 QyHKijHa pacnpe^ejieHHH 

PaccMOTpHM (pyHKiriiio h{x\, fi) fljiH jieramHx k CTeHKe MOJieKyji Heno- 
cpeflCTBeHHO y ctchkh, T.e. npn x\ = 0, ji < 0. CorjiacHO (4.1) HMeeM: 



oo 



\ f Tl( 1 — biiii) 
h(0, fi) = —= / a(r})dr), ecjin x = 0, (5-1) 

VTTj Tj-fJb 


H 

oo 

,/ n \ r/ (l - fr^r/ ) 1 /" 7/(1 - b/x?y) , 

M0,n) = ao — pr- H — — / airjjar), ecjiH x = 1. 

V7r(7/ -/i) VttJ r/-/j 

o 

(5.2) 

C noMOin,bio cpopMyiibi (4-14) npe^CTaBiiM pa3Jic»KeHiie (5.1) b hbhom 
BHfle: 

oo 

h(0,fj) 1 /" (1 — b/jr]) sin ((r])dr] 



2U " (1 + 6J )W (l-67/ 2 )X(r/)(7/- A i)' 

o 



(5.3) 



a c noMom,bio cpopMyii (4.15) h (4.16) b 5ibhom BH/je npe^CTaBiiM pa3Jio- 
>KeHne (5.2): 

2C/b " H + 770(1 - &r/ 2 )X(r/ )(l - 6J 1 )](r /0 - M ) 
^(1 - H 2 )X(r/ ) 



[6r/ 2 + r/ (l-6r/ 2 )X(r/o)(l-6Ji)] 



x 



oo 



1 f {l-bw)sm({r))dr) , . 

nj (l-6r/ 2 )X(r/)(r/-T/o)(r/- A i)- 1 " ] 

o 

PaccMOTpHM Ba>KHbiii HacTHbiii cnyHaii (popMyji (5.3) ii (5.4) npn 
6 — > 0, T.e. Kor^a paccMaTpimaeMoe sjijinncoHflajibiio-CTaTiicTiiHecKoe 
ypaBHeHHe nepexofliiT b BTK-ypaBHeHHe. IIpii b = 113 (5.3) h (5.4) 

COOTBeTCTBeHHO HMeeM: 

oo 

M°»M) I / sinC(r/)dr/ 

2t/ irj X(r,)(r,-»y [ ' } 
o 
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H 

oo 

h(0,n) = 1 1 r sin C(r])dr] 

2U X( V o)(r)o -H) rcj X(ry)(ry - m )(n - fi) [ ' } 

o 

OopMyjibi (5.5) ii (5.6) b tohhocth coBnaflaiOT c cooTBeTCTByioiipiMii 
(popiviyjiaMH H3 Haineii paGoTbi |18j . 



6 CKopocTb ra3a b nojiynpocTpaHCTBe h 
Henocpe^CTBeHHO y ctghkh 

CorjiacHO (1.3) 6e3pa3MepHa5i CKopocTb ra3a b nojiynpocTpaHCTBe 
BbiHHCJiHeTCH nocjie no^CTaHOBKii (1.8) b (1.3) no (popiviyjie: 

00 

U y (xiM) = 7= / h{xi : jj)dii. (6.1) 

J 



- DC 



3aMeTIIM, HTO 



do 



e $(r/ , Hjdfi = —= / = 1 - iujx = z , 



J rj - ii 

— oo — oo 

Il6o 7/0 - Hyjlb flHCnepCHOHHOH (pyHKUIIII, T.e. 

oo 2 

A(r/o) = + 1 + -= / = 0. 

V 71 " 7 A* _ 

— oo 

IloflCTaBiiM pa3Jio>KeHHe (4.1) b (6.1). YHiiTbiBafl npiiiMTyio Bbinie 

HOpMIipOBKy 



oo 



J e M2 $(r/,/i)d/j = z , 



nojiynaeivi cjie/iyiomee Bbipa^Keiiiie fljra 6e3pa3MepHOH ckopocth ra3a: 

oo 

U y { Xl M) = ° o _ a e- x ^o + / e - XlZ0 ^a(r])dr] . (6.2) 
2^ L 7 J 
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IlycTb x = 0. IloflCTaBHM b (6.2) Bbipa>KeHHe (4.14) fljia K03cpcpHii,H- 
eHTa HenpepbiBHoro cneicrpa. Tor^a BbipajKemie fljra pa3MepHOH CKopo- 
cth ra3a HMeGT bh^: 



u y [xxM) _ z_tfT^_ f _ XiZo/r] sin ((r))dr) 



uo 



(1 + bJ )7T 



7/(1-&7/ 2 )X(t/)' 



(6.3) 



Oopiviyjia (6.3) cjiy>KHT ^jra BbiHiicjieHHH ckopocth ra3a b fliianasoHe 
nacTOT lu\ > u\. 

IlycTb x = 1. IloflCTaBHM b (6.2) K03cpcpHii,HeHTbi HenpepbiBHoro 
cneKTpa (4.16) h ^HCKpeTHoro cneKTpa (4.15). B pe3yjibTaTe fljra pa3- 
MepHoii ckopocth ra3a nojiynaeM: 



u y (x 1 ,t 1 ) z e 



Uq 



1 



Wo + yo 



oo 



e~ v + 770(1 — br]o)X(r]o)x 



x l z 



X 



e ■n sm((r])dr] 

it J 7/(1 - br] 2 )X(r]o)(r] - r) ) 




(6.4) 



Sflecb 

l/o = 2/0(^/0) = 7/o(l - 67/0)^(7/0) (1 - bJi). 
OopMyjia (6.4) cjiy>KHT ^jra BbiHiicjieHira ckopocth ra3a b Rn&nasone 

HaCTOT ^ LOi < U)\. 

Henocpe^CTBeHHO y ctghkii H3 cpopMyn (6.3) h (6.4) npn x\ = 
nojiynaeM 3HaHeHii5i ckopocth ra3a. B cjiy^ae x=0mx=1 cootbgt- 
ctbghho HMeeivi: 



00 



sin C (77)^77 



w 



(I + 6J0W 7/(1 - brj 2 )X(rj) 



%(0,*i) zoe^ 1 * 1 



M 



X 



6t/o + 2/0 

00 

- I- 

71 J 7/(1 



1+ 7/o(l -&7/ 2 )X(7/o)x 

sinC(77)d7/ 



- &7/ 2 )X(7/o)(7/ - 7/o) 



(6.5) 
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7 rH^po^HHaMHHecKHH xapaKTep peineHHH 

IloKa>KeM, hto npn Majibix 3HaneHH5ix uo\ CKopocTb ra3a (6.5) nepexo- 
flHT b rHflpoflHHaMHHecKoe Bbipa>KeHHe fljra ckopocth cnjioniHon cpeflbi, 
npHBe^eHHoe b [23] 

v = u e- x/s e l{x/s - U}t) . (7.1) 

S^ecb 5 = \/3vk.v./w, Vk.v. ~ KHHeMaTHHecKaa B5i3KOCTb ra3a. 

Oopiviyjia (7.1) BbiBe^eHa fljra cjiynasi cnjioniHoii cpeflbi, Kor^a orpa- 
HHHHBaioinaH cpe^y njiocKOCTb coBepniaeT rapMOHiinecKiie KOJie6aHH5i 
no 3aKOHy u s (t) = uoe~ lUjt . 

3aivieTHM, hto npn u\ — > Hyjib flncnepcnoHHon (pyHKipiH r]^ = 
(1 + i) I y/6wi — > oo, a BejiHHHHa br]Q sura eTCH orpaHnneHHon. Cne^o- 
BaTejibHO, HHTerpaji no HenpepbiBHOMy cneicrpy b (6.5) ncne3aeT n mm 
nojiynaeM: 

Uy(x h t) = 



tyg + 7/0(1" (1- 6 Jl)' 

3aivieTHM Tenepb, hto npn 7/o°' ) — > oo t)qX(t)o) — > 1, a J\ — > 0. Cjie- 
flOBaTejibHO, H3 npeflbi^ymero Bbipa>KeHH5i BbiTexaeT, hto 

Han/jeM BejinnnHy vT^/t^o- HeTpyznro npoBepnTb, hto fljra ajuinnco- 
HflajibHO - CTaTHCTnnecKoro ypaBHeHna KHHeMaTHnecKaa B5i3KOCTb paB- 
Ha: Vk.v. = t/3/3. CjieflOBaTejibHO, 

v^v 7 ^ //ML l-i l-i 

■(1-0 = 



rr/o r l + i V r 2 ' y 7 ^^^ ^ 

9to 03HanaeT, hto nocjieflHsra (popiviyjia fljra ckopocth ra3a b TonHO- 
cth nepexo^HT b (popiviyjiy (7.1) npn u\ — > 0. 



8 Cmia TpeHHa, ^eftcTByioiuaji Ha KOjieSjiioiuyioca 

rpammy 

KoivinoHeHTa TeH3opa B5I3KHX Hanpa>KeHHH, npnxoflsnnasicsi Ha e^n- 
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HHiiy njiomafln KOJie6jnomeHC5i rpaHHUbi, BbiHncji5ieTC5i no cpopMyne 



a xy (t) = m J v x v y f(t,0,v)d 3 v. 



(8.1) 



CorjiacHO [23] cnjia Tperoisi (npHxoflamaaca Ha epjmnuy njiomafln) , flen- 
CTByiomasi co ctopohm ra3a Ha njiacTHHy, paBHa F s (t) = —a xy (0,t). 
EtosTOMy corjiacHO (8.1) 



= -e^ 1 ' 1 -^ / e -^/j,h(0,fi)dfi, p = nkT 
v ^ 7 

— oo 

IIoflCTaBHM b (8.2) pa3Jio>KeHHe (4.1). rtojiynaeM, hto 

-iuiiti P 



to 



ij = — iu\e 



am + / r)a(r))dr) 



(8.3) 



H3 cpopiviyjibi (8.3) b cjiynae HyjieBoro HH^eKca (x = 0) mm nojiynaeM 
cne^yioinee Bbipa>KeHHe cnjibi TpeHH5i: 

oo 

F,( tl ) = -iW^^ 1 ^ 



sin C(r])dr] 
l + fcJoW (1 - brj 2 )X{ V ) " 



B cjiynae e^nHnnHoro HH^eKca (x = 1) mm nojiynaeM cjieflyiomee 
BbipajKeHne cnjibi Tpemi5i: 



F S {U 



{Wo + yo) 



l + (l-brj 2 )X(rj )x 



3C 



1 



X 



sin ((rj)dr) 



7T J (1 - bf] 2 ){f] - T]o)X(r]) 




9 3aKjnoHeHHe 

B HacT05iH],eH paGoTe ccpopMyjinpoBaHa h penieHa aHajiHTHnecKH bto- 
paa sa^ana CTOKca — sa^ana o noBefleHHH pa3pe>KeHHoro ra3a, 3aHHMa- 
romero nojiynpocTpaHCTBO Hafl CTeHKon, coBepniaioineH rapMOHnnecKne 
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K0Jie6aHHa. PaccMaTpHBaiOTCH /incpcpysHbie rpaHHHHbie ycjiOBUH. Hc- 
nojib3yeTca jiiiHeapii30BaHH0G sjijinnconflajibHO-CTaTHCTHHecKoe ypaB- 
hghhg c napaMeTpoM a = — 2(1/ Pr— 1), 3aBiiC5nu,eM ot uno/ia IlpaHflT- 
j\k Pr. Ha ocHOBe aHajiHTHnecKoro penieHH^ nocTpoeHa (pyHKirna pac- 
npeflejieHHH h Han^eHa MaccoBaa CKopocTb pa3pe>KeHHoro ra3a b nojiy- 
npocTpaHCTBG. BbmBjieH rHflpoflHHaMHHecKHH xapaKTep perneHH^ npn 
Majibix 3HaHeHH^x uacTOTbi KOJieGamiii orpaHHHHBaiomeH ra3 njiocKO- 
cth. Han^eHa cnjia Tpemisi, ^encTByioiiiaii co CTopoHbi ra3a Ha KOJie6- 
jiioiiryiocH njiacTHHy. 
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